p56kk and p60c-src are closely related protein-tyrosine kinases that are activated by similar oncogenic mutations. We have used fibroblast cell lines that express p56ick from introduced DNA molecules to compare the subcellular localizations of p60c-src and p561ck and their abilities to bind polyomavirus middle T antigen (mT). p561ck is associated with the detergent-insoluble matrix, as defined by extraction with solutions containing nonionic detergents, whereas p60csrc is soluble under these conditions. p56lck is also associated with detergent-insoluble structures in a lymphoid cell line, LSTRA. p60csrC binds to mT, but P56lck does not bind detectably. In terms of both solubility and mT interactions, the nononcogenic p56lck more closely resembles oncogenically activated p60csrc mutants than it resembles p60c-src. Because published results show that an intact carboxy terminus is required for p60CsrC to bind mT and be soluble, we tested whether the different localization and mT binding properties of p561ck and p6C-srC were dictated by their different carboxy termini.
. Oncogenic mutations in Ick and c-src include missense mutations that substitute the carboxy-terminal tyrosines with other residues and nonsense mutations that cause truncation prior to these tyrosines (2, 8, 29, 37, 42, 43) .
Despite these apparent similarities in regulation, p56"I and p60c-src may participate in different cellular control circuits. p56lck is expressed most abundantly in T lymphocytes, and p60csrc is present in many cell types, including fibroblasts, but is most plentiful in neurons and blood platelets (14, 20, 39) . It seems probable that in diverse cell lineages, protein-tyrosine kinases interact with different effector molecules and substrates. Furthermore, even though p56lck and p60csrc have 60% amino acid identity in their carboxy-terminal 450 residues, they diverge almost completely in their amino-terminal regions (13% amino acid identity) (39, 47, 50) . This sequence divergence could allow functional specialization.
The middle T antigen (mT) of polyomavirus, a DNA tumor virus, is able to transform rodent and chicken fibroblasts (27, 30) . mT associates with p60c-sr' and stimulates its proteintyrosine kinase activity (5, 17) . mT mutants that do not bind to p60csrc are transformation defective, and cells expressing mT become less transformed when their content of p60-src is artificially decreased 4-to 10-fold (1, 36, 48) . Association of p60c-src and mT requires sequences near the amino terminus of mT and near the carboxy terminus of p60c-src (11, 36, 48) .
Populations of p60c-sr and mT sediment together on velocity gradient centrifugation as an approximately 250-kilodalton (kDa) complex and can be immunoprecipitated with antibodies directed against either protein (17, 23) . Other proteins which can complex with mT include p62cYes (another protein-tyrosine kinase related to p60csrc and p561ck) and cellular proteins of 88, 61, and 37 kDa of unknown functions (16, 22, 26, 31) . Large populations of both p60csrc and mT also exist separately in the cell, suggesting that other factors are limiting for formation of the complex (4, 17) .
p60c-src and its derivative, p60v-src (the Rous sarcoma virus transforming protein), are myristoylated, membrane-associated proteins (7) . Upon extraction of cellular lipids with nonionic detergents, most p60c'src is dissolved (24, 34) . In contrast, p60v-sr" and other transforming versions of p60c-src are retained in the detergent-insoluble material, which includes the submembranous, cytoplasmic, and nuclear cytoskeletons (6, 24, 34) . Enhanced kinase activity is required but not sufficient for cytoskeletal association. Membrane association is also necessary (24) . The enzymatically activated, membrane-associated p60csrc that is complexed with mT is also cytoskeletal (44) .
The recent creation of fibroblast cell lines expressing p56lIk (37) Detergent extraction. Confluent 35-mm dish cultures of cells were washed three times with cold Tris-buffered saline and then extracted with 0.5 ml of CSK buffer, consisting of 100 mM KCl, 10 mM PIPES (pH 7.0), 0.5% Nonident P-40, 300 mM sucrose, 3 mM MgCI2, and 20 ,ug of aprotinin per ml, at 0°C for 5 min, with gentle rocking every 30 s. The soluble fraction was collected, the insoluble fraction was extracted once more with 0.5 ml of the same 'solution, and the combined soluble fractions were adjusted to contain 1% Nonidet P-40, 1% sodium deoxycholate, and 0.1% SDS. The insoluble material was scraped from the dish in RIPA buffer (13) . LSTRA cells were extracted similarly, except that the soluble and insoluble fractions were separated by centrifugation for 30 s at 8,000 x g. Both fractions were centrifuged at 20,000 x g for 30 min prior to immunoprecipitation as described previously (45) .
Density gradient sedimentation. Lysates were prepared from 50-mm dish cultures by using 0. [10] ), with nonionic detergents leaves protein-tyrosine kinase activity in the insoluble fraction. We used the procedure of Burr et al. (6) to examine the localization of p561"k expressed artificially in fibroblasts.
Confluent cultures of BALB/c 3T3 cells and Ick3T3 cells
(BALB/c 3T3 cells infected with LSHLlck virus [37] ) were extracted with CSK buffer, and the soluble and insoluble fractions were dissolved in modified RIPA buffer (see Mate- rials and Methods). Samples were immunoprecipitated with monoclonal antibody 327, which recognizes p60c-src (33) , or with rabbit serum 195, which recognizes p56lck (see Materials and Methods). p60csr' and p56Ick were detected in the immunoprecipitates by their incorporation of 32p; when incubated with [y-32P]ATP. Reaction products were separated by SDS-PAGE and detected by autoradiography ( Fig.   1 ). p60c-*r( was detected as a soluble protein in both cell types. p56I'C was absent from 3T3 cells and was detected as a doublet (49) [ Fig. 1 ; also see Fig. 5]) . Immunoprecipitates of p561ck are frequently contaminated with other cellular proteins. In view of the association of p56lck with insoluble structures and the persistence of this association in RIPA buffer (see below and Fig. 3 ), we suggest that aggregated p56/ck may contaminate immune complexes. Aggregation could also hide epitopes on p561ck and decrease the efficiency of immunoprecipitation.
Interactions between. p561ck and mT. BALB/c 3T3 and lck3T3 cells were infected with polyomavirus and 28 h later proteins were precipitated with antibodies to p60csrc (antibody 327), mT (T1.1 ascites fluid), and p56Ick (antisera 195 and 7080, from rabbits immunized with a p56"1-aminoterminal fusion protein and a pS6Ick carboxy-terminal peptide, respectively). Immunoprecipitates were incubated with [_y-32P]ATP and then analyzed by SDS-PAGE (6.7% acrylamide-0.35% bisacrylamide gels) ( Fig. 2A and B) . As expected, polyomavirus infection of 3T3 cells stimulated p60c-src phosphorylation in an antibody 327 immunoprecipitate ( Fig. 2A , Py, lane 1) and resulted in labeling of mT in immunoprecipitates formed with either antibody 327 or T1.1 ascites ( Fig. 2A, Py, lanes 1 and 2) . The p60csr" that was labeled in immunoprecipitates formed with T1. 1 ascites migrated slowly (Fig. 2B, p6O0) , possibly owing to aminoterminal phosphorylation in the p60c`sr'-mT complex (51) . Identical results for p60c`rs were obtained with lck3T3 cells infected with polyomavirus (Fig. 2B, Py, lanes 1 and 2) . In contrast, polyomavirus infection appeared not to change the quantity or kinase activity of p561 ck precipitated from lck3T3 cells with either antiserum 195 or 7080 (Fig. 2B , Py, lanes 3 and 4). Importantly, mT was not labeled in either immunoprecipitate of p56Ik.
Since mT (421 residues) and p561'k (509 residues) have similar electrophoretic mobilities in gels containing 6 conditions, mT has a lower mobility than p60csr' and comigrates with p60+ (Fig. 2C) . It is clearly separated from the doublet of p56lCk (Fig. 2D) . The identities of various bands were confirmed by peptide mapping with protease V8 and elastase and by experiments with d18 mutant polyomavirus, which encodes a smaller mT (data not shown). When the second gel system was used, it was clear that mT was not labeled in immunoprecipitates of p56Ick (Fig. 2D, lanes 3 (Fig. 3A) , as expected (17) . In mT3T3 cells, a complex of mT and p60csr" sedimented at about 280 kDa and was detectable with either antibody 327 (Fig. 3B) or T1.1 ascites (Fig. 3C) gradient fractions (e.g., the band of about 65 kDa and S value corresponding to 500 kDa in Fig. 3D and E). Rapid sedimentation of p56Ick was also evident in mTlck3T3 cells (Fig. 3E ).
More importantly, the kinase-associated population of mT sedimented at 280 kDa in mTlck3T3 cells (Fig. 3F ). This suggested that kinase-associated mT was not bound to the 600-kDa form of p56"k.
Since the experiments shown in Fig. 2 (Fig. 4) (Fig. 4, lanes 9 to  16) , no band corresponding to pS6 kk was detected specifically in the T1.1 immunoprecipitate of mTlck3T3 cells (Fig.  4, lane 16) . Immunoblotting of total cell lysates, without immunoprecipitation, showed that 0.5% of the cellular content of p56lck could have been detected by this procedure (Fig. 4, lanes 1 to 8) . We conclude that less than 0.5% of the p56lck is complexed with mT in a form that can be precipitated by T1.1 antibodies, even though these antibodies precipitate a population of p60c-sr that is bound to mT ( Fig.  2 and 3 ).
Properties of a chimeric protein, p6Yrc/Lkk. We describe elsewhere the construction of NIH 3T3 cell lines that express high levels of either wild-type avian p60-fsrc or a chimeric protein containing residues 1 to 516 of avian p60c-src and 495 to 509 of murine p56I1k (35) . The latter protein (p6OsrC/llk) has the amino-terminal region and kinase domain of p60cs-r" but the regulatory tail (including Tyr-505) of p56ck. In regard to its phosphorylation state and kinase activity, p6S0,src/lck resembles both its parents (35) . Since the localization and mT binding properties of p60src and p56lck are different, we assayed these properties of p6osrc/lck. Figure 5 shows the results of extracting NIH 3T3 cells expressing p60csrc, p6osr/I, and p561ck with CSK buffer.
More 60-kDa protein phosphorylation was detected with antibody 327 in the first two cell lines than in the third, showing that the introduced c-src and srcllck genes were expressed at about 10 times above the endogenous level. The overexpressed avian p60csr, p6Osrc/l k, and endogehous p60 c-src were all soluble (Fig. 5, endogenous (murine) p60c-sr from that associated with avian p60CsrC and p6osrc/lck we immunoprecipitated lysates with antibody EC10, which is specific for amino-proximal epitopes in avian p60c-sr' (41) . As expected, EC10 did not immunoprecipitate any kinase activity from control cells, but did immunoprecipitate activity from cells expressing avian p60c-sr, and p6OsrC/lck (Fig. 6) . mT was also labeled in both these immunoprecipitates, showing that mT is complexed with both avian p60csr( and p60rc/lOk. The relative labeling of p60 and mT in immunoprecipitates varied from experiment to experiment and did not differ reproducibly between p60c-sr' and p6Osrc/lck immunoprecipitates. (38) .
It is possible that p56Ick and p60v-sr' associate with the cytoskeleton in the same manner. Both proteins are insoluble in CSK buffers containing a range of concentrations of KCI and MgCl2 (24) . One superficial difference is the solubility of p6Ov sr' but not p56Ick in CSK buffer supplemented with 0.5% sodium deoxycholate (24) . However, the extraction of p60vS-rc by deoxycholate may result from breakdown of the cytoskeleton of the v-src-transformed cells (24) , which may not occur with nontransformed cells expressing p56Ik. Given the similarities in extraction conditions, might equivalent domains of pS6lck and p60v-sr' be responsible for cytoskeletal association? Hamaguchi and Hanafusa studied various mutant c-src and v-src proteins (24 (2, 37) . Even so, it binds to the cytoskeleton, and it is possible that a homologous cytoskeletal binding site is exposed in p56Ick and p60vsrc. Cytoskeletal association of p561k is not due to the altered sequence of the carboxy-terminal tail (Fig. 5) (11) . These data show that the carboxy terminus of p60c-src is necessary for mT binding. p56Ick differs from p60csrc at three of the seven residues from 519 to 525 in p6Ocsrc (39, 47, 50) . These carboxy-terminal changes do not, however, account for the nonassociation of mT with p561'k, since p6osrU/luk binds to mT (Fig. 6) . The role of the body of p60c-sr in mT binding can be interpreted in two ways. First, sequences peculiar to p56Ick may block its binding to mT, for example, by driving its association with the cytoskeleton. This explanation seems unlikely, because some activated mutants of p60c"src demonstrate that cytoskeletal binding does not preclude mT binding (8, 11, 24) . Second, p56Ick may lack one or more sequences that are present in p60csrc and p62cYes and that are necessary, together with the carboxy terminus, for mT binding. The ability of antibodies to the carboxy terminus of p60csrc to immunoprecipitate the p60c,src-mT complex (15) and the inability of synthetic carboxy-terminal peptides to disrupt the p60c src-mT complex (our unpublished results) also suggest that mT interacts with other regions of p60csrc. One possible role for an intact carboxy terminus is to ensure a correct conformation of the body of the protein for interaction with mT.
Activation of p6Osr" by mT appears to involve reduced phosphorylation, or increased dephosphorylation, of Tyr-527 of p60csrc (9) . Because p60src/kl,k appears to be stimulated by mT, the enzymes involved presumably recognize the p60c-src and p561ck carboxy termini similarly. 
